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ABSTRACT 
The present communication is a survey report carried out to assess the 
incidence of toxic mycoflora on seven types of agriculture products/byproducts 
incorporated during fish culture as supplementary dietary items. Samples 
were obtained from various sources at Darbhanga, Madhubani and 
Samashtipur districts during summer, winter and monsoon months. Out of 
the total 177 4 samples, only 894 appeared to be fresh visually reflecting 
average incidence of contamination around 46.6%. However, the apparently 
fresh samples, when subjected to culture, 26.9% of them were found to be 
contaminated. Thus, degree of fungal spoilage in feed ingredients in parts of 
north Bihar appears to be significantly high (73.5%). The present study 
illustrates the facts with special reference to Aspergillus flavus, A parasiticus 
(elaborating aflatoxins) A. ochraceous, Penicilium viradicatum (elaborating 
ochratoxins) andAversicolor (elaborating sterigmatocystin). The other strains 
already known for their toxigenic potentials that appeared on the present 
substrates included A. niger, A. fumigatus, A. candidus, P. islandicum, 
Rhizopus spp. and Mucur spp. Studies indicate that the prevelent climatic 
factors like temperature and relative humidity facilitate a congenial condition 
almost all through the year and in particular during summer and monsoon 
months. But water content of the substrates is a vital factor that further 
accelerates the pace of mycobial spoilage. A thorough sun-drying of the 
agricultural commodities before prolonged storage to bring water content 
below the ''low risk limit" may significantly reduce the incidence of molds. 
Keywords : Toxigenic molds, fish feeds, fungal spoilage 
INTRODUCTION 
Technological advancements in fish 
culture practices have made 
supplementary feeding indispensable. 
Besides hygiene, a balanced nutritional 
supplementation is now being observed as 
key to profitable aquaculture. Consequently, 
new feed formulations are being worked 
out incorporating food commodities of 
animal and plant origins. However, the 
present scenario of aquatulture vis-a-vis 
fish feed availability in India is far from 
adequate and the small piscicultirists are 
dependent on local feed. ingredients and 
formulations. Composition of such feeds 
essentially depend on easy availability of 
agricultural products or byproducts. In 
Bihar, the fish far:rr.ers usually utilise 
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mustard oil cake (MOC), ground pluses 
mixture (GPM), wheat bran (WB), rice bran 
(RB), wheat flour (\VF), rice flour (RF), etc. 
alone or in combination to supplement the 
nutritional requirements of their standing 
fish crop. 
On the other hand, the concern for 
mycobial spoilage of foodstuffs of both plant 
and animal origins, an age-old phenomenon, 
is now attaining new dimensions. Since 
the discovery of aflatoxins, secondary toxic 
mold metabolites, as an etiologica lagent in 
many of the epidemic outbreaks of farm 
animals and pets all over the globle (Verma, 
1989), m.any others have been added to the 
list (Verma, 2001). In recent years, 
mycotoxicosis is becoming increasingly 
implicated in human (Wafa et al., 1998; 
Stoev, 1999; Stoev et al .. 2001) and animal 
health problems (Stoev, 1998, Stoev et al., 
1998). 
The present study illustrates the 
incidence of toxic fungi on agriculture 
products incorporated in fish feeds with 
special reference to Aspergillus flavus Link, 
A. parasiticus Spear (elaborating 
aflatoxins); A. ochraceous Wilh and 
PenicilliunL viradicaturn Westl. (elaborating 
ochratoxins) and A. versicolov (Vuil.) Tiy. 
(elaborating sterigmatocystin). Impact of 
climatic factors on the incidence of these 
toxic fungi and the role of water content of 
the substrates have also been discussed. 
MA'rERIAL AND METHODS 
Feeds : Composition offish feeds varies 
from area to area largely depending upon 
the availability of p~·ent agricultuJ"al 
products. MOC is either pure yellow mustard 
(Brassica cantpestn,s. 1",) o-r 
disproportionately mixed yellow and black 
(B. napus var. dichotoma Prain) mustards 
byproduct following extraction of oil. It often 
contains rapeseed (B. campestris var. olifera 
De.) in small quantities. The GPM is a 
coarse composition of pigeon pea ( CaJanus 
indicus Spreng.) massor (Lense escultentus 
Monech.), gram ( Cicer arietinwn L. ), moong 
(Phaseolus mungo L.) and urd (Phaseous 
radiatus L.). Besides, wheat and riee flour, 
and their processing byproducts (wheat bran 
and rice bran) are widely used as animal 
feeds. Some of commercial rations (CR) 
available in the local market are also 
incorporated. 
Sut:'vey and sampling : Geographical 
survey for the incidence of toxic fungi was 
made cl1..1ringwinter (November-January), 
summer (April-June) and Monsoon (July-
September) in three flood-prone districts of 
Bihar. Altogether, 26 sampling stations 
Fig. 1) consisting of 12 block headquarters 
from Madhubani and seven each from 
Darbhanga and Samastipur districts were 
selected. 
The samples were collected following 
the guidelines suggested by US Food and 
Drug Adminstration. Before sampling, 
history of each lot was depicted with special 
reference to their time of production/ 
processing, processing practices, climatic 
condition during processing, storage period, 
storage condition and packaging details. 
Each lot prior to sampling was visually 
inspected for fungal spoilage, if any. Thus, 
the samples were designated as fresh (F), 
partially infected (PI) and infected (I) 
depending upon the· physical condition of 
the snbstrates. The random sam-ples· 
(uur:nnu.m 5.QQ g) were serially number!:ld, 
registered and buought to the laboratory, 
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1. Harlakhi 10. Lohna Road 19. Hayaghat 
2. Basopatti 11. Sakri 20.Pusa 
3.Jaynagar 12.Jogiara 21. Kisanpur 
4.Laukaha 13.Jale 22. Samastipur (Hq) 
5. Benipatti 14. Darbhanga (Hq) 23.Rosera 
6. Madhubani(Hq) 15. Simri 24. Dalsingsarai 
7.Rajnagar 16. Laheriasarai 25. Sahpur Patori 
8. Phulparas 17.Bahera 26. Hassan pur Road 
9. Jhanjharpur 18.Supaul 
Fig. 1 :Sampling sites in Madhubani, Darbhanga and Samastipur districts 
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Table 1 : Mold contamination of agricultural productslbyproducts incorporated in animal 
fish feeds obtained from different sources in three districts of North Bihar 
WINTER 
ource 
Contamination 
Total appearing Total 
number Natural after contami-
physical infestation incubation nation Whole-
Type of condition (%) (%) (%) Farmer's Retail sale 
substrate F/PIJI (A) (B) (A+B) god own shop depot 
Mustard oil cake 116 59.4 22.4 818 60 30 26 47/27/42 
Wheat flour 59 20.3 35.5 55.8 30 20 09 47/09/03 
Rice bran 125 20.3 25.4 60.6 50 50 25 81/24/20 
Soya flour 05 60.0 60.0 00 05 00 05/0/0 
Wheat bran 59 33.8 32.2 66.0 30 15 14 39/07/10 
Ground pulse 127 51.1 25.1 76.2 60 40 27 mixture 62/23/42 
Rice flour 58 5.1 36.2 41.3 25 18 15 55/03/00 
Commercial 20 30.0 30.0 8 8 4 
rations 14/6/-
SUMMER 
Mustard oil cake 126 44.4 31.7 76.1 63 57 06 70/28/29 
Wheat flour 72 38.8 41.6 80.4 18 47 07 44/28/0 
Rice bran 130 26.1 15.3 41.4 47 77 06 96/29/05 
Soya flour 10 60.0 60.0 00 10 00 10/00/00 
Wheat bran 60 66.6 25.0 91.6 20 37 03 20/31/09 
Ground pulse 128 64.0 19.5 83.5 64 55 09 mixture 46/47/36 
Rice flour 60 31.6 50.0 81.6 19 37 04 41/10/09 
Commercial 10 20.0 20.0 4 2 4 
rations 8/2/00 
MONSOON 
Mustard oil cake 133 55.6 22.5 78.1 63 68 02 36/61/33 
Wheat flour 70 57.1 24.2 81.3 27. 26 18 20/34/16 
Rice bran 135 42.9 34.0 76.9 49 68 18 57/50/28 
Soya flour 10 70.0 70.0 00 10 00 10/00/00 
Wheat bran 59 61.0 16.9 77.9 32 27 00 13/21/25 
Ground pulse 125 44.0 32.8 76.8 65 56 04 mixture 50/40/35 
Rice flour 57 47.3 12.2 59.5 21 36 00 10/23/24 
Commercial 20 10.0 40 50.0 7 7 6 
rations 10/8/2 
F=Fresh, PI=Partially Infected, !=Infected, T= Total 
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thoroughly mixed using pestle and mortar 
or electrical blender and reduced to working 
size of approximately 50 g by quartering 
(Dickens and Whitaker, 1982. 
Cui ture: The sub-samples were 
subjected to culture using two routine 
techniques, i.e., blotter technique and solid 
medium or agar plate technique following 
Verma (1989). In the first method, 
Whatman filter paper number 1 in sterlized 
petri plates and in the second, Asthana 
Howket 'A' (AH) and Capak's (CZ) agar 
media were simultaneously used. The 
cultures were incubated for 7-10 days at 
30±2°C at the end of incubations, fungal 
colonies were initially identified on 
characteristic colour (Table 2) and finally 
on micromorphological features (Table 3) 
following Wyllie and Morehouse (1977). 
RESULTS AND DISCUSSION 
During 1999-2000, 1974 samples were 
collected. A seasonal record of mold 
contamination of these substrates and their 
physical condition under prevalent 
marketing practices are presented (Table 
1, Fig. 2). Fungal colonies in culture start 
Table 2 : Characteristic colony colour patterns of some toxic fungal strains 
Strain Characteristic colour of the colony 
A. flavus -Heads yellow-green* 
A. ochraceous -Heads yellow to ochraceous 
A.parasiticus -Heads dark yellow green* 
A. versicolor -Heads light-yellow green 
A. rubur -Heads blue-green to olive green 
P. viradicatwn -green to yellow -green 
Medium 
AHandCZ 
AH 
AHandCZ 
AHandCZ 
AHandCZ 
cz 
AH- Asthana Bowker's A, CZ = Czapek's Agar medium, (5) A. niger 
*Not easily distinguishable unless verified through microscopic features. 
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Fig. 2 : Seasonal record of mold contamination of the substrates 
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appearing on day 3 onwards, but assumes 
characteristic colour only after seven days. 
Colonies identified in the culture plates at 
the end of incubation have been summarily 
tabulated (Table 2). Characteristic micro-
morphological features of the strains under 
investigation are also presented (Table 3). 
Sampling records indicate that a 
significant number of agricultural items 
open for sale in general market or stored 
for daily feeding by leading farmers were 
contaminated by a variety of fungal spores 
well known for producing potentially lethal 
toxins. 
Out of the total collection (1774), only 
894 samples appeared normal visually 
reflecting natural spoilage/contamination 
of 49.6% samples. However, when these 
fresh-appearing samples were subjected to 
culture, 45.8% ofthe winter, 80.7% ofthe 
summer and 72.1% of the monsoon samples 
were found to be contaminated with the 
spores (Table 4). Apparently, they could 
not germinate due to the lack of favourable 
climatic factors and supportive water 
content of the substrate (WCS). Thus, 
altogether the degree of mycobial 
contamination becomes, as high as 73.5% 
(Table 5). 
Analysis ofthe survey records revealed 
that the samples collected from retail shops 
presented the most critical scenario from 
Table 3: Characteristic micromorphological features of the toxic fungal strains 
Strain 
A. flavus 
A. ochraceous 
A. parasitic us 
A. versicolor 
A. rubur 
P. viradicatum 
Micromorphological features 
Sterigmata almost entirely biseriate 
Conidial heads globose or radiate, heads large, vesicles large 
and globose or nearly so, sclerotia sometimes occurring 
Sterigmata uniseriate 
Sterigmata uniseriate 
Phialides strictlyuniseriate, conidiophore smooth 
Conidophore heads are assymetrical, consisting of sterigmata, 
metulae and branches (often rough walled), sterigmata flask 
shaped, condidia sub-globose and rough walled 
Table 4: Mycobial infestation appearing on fresh samples following incubation 
Season 
Winter 
Summer 
Monsoon 
Total 
Total no. 
569 
596 
609 
1774 
No. offresh 
Samples 
350 
335 
209 
894 
Samples developing fungi 
following incubation 
No. % 
154 45.8 
166 50.7 
158 72.1 
478 53.5 
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the mycobial contamination point of view. 
A critical analysis ofthe degree of spoilage 
at different source levels (Fig. 3) indicated 
maximum infestation during monsoon in 
the samples collected from retail shops 
followed by farmer's godown and wholesale 
depots. 
Table 5: Fungal infestation appearing on various substrates following 
incubation 
Winter Summer Monsoon 
Substrate Fresh Infestation Fresh Infestation Fresh Infestation 
samples appearing samples appearing samples appeanng 
(no.) after (no.) after (no.) after 
incubation incubation incubation 
(%) (%) (%) 
MOC 47 22.4 70 76.1 39 78.1 
WF 47 35.5 44 80.4 20 81.3 
RB 81 24.4 96 41.4 57 76,9 
SF 05 60.0 10 60.0 10 7lf.O 
WE 39 32.2 20 91.6 13 77.9 
GPM 62 25.1 46 83.5 50 76.8 
RF 55 36.1 41 81.6 10 59.5 
CR 14 30.0 8 20.0 10 50.0 
90~----------------------
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~ 60+-----------------------------~~----------------~~--------~ 
Q) 
e 
~ 40+-----------------------------------~~~--------~~--------~ 
10+--------------
0+--------------------,--------------------.-------------------~ 
Winter Summer Monsoon 
-·----- ------, 
-+-Farmer's Godown 
--Wholesale Depots 
-.tr- Retail Sh~ps _______ _ 
Fig. 3: Degree ofmycobial spoilage of agriculture commodities sourcewise 
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Variable records of mycobial 
contamination of different substrates, (Fig. 
4) besides those appearing naturally may 
be attributed to the variation in the climatic 
factors like temperature, relative humidity 
(RH) and WCS. 
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MOC WF RB SF 
RH fluctuates between 68-85 and 59-74%, 
respectively. During monsoon, the 
temperature maintains almost the same 
trend as observed in summer, but the RH 
increases up to 96%. Thus, during summer 
while the temperature range favours 
WB GPM RF CR 
t!Summer : OMonsoon 
Fig. 4 : Degree of mycobial spoilage of agricultural commodities at source - seasonal 
The present area of investigation 
constitutes the core of the Indo-Gangetic 
planes. The climatic variation in different 
seasons is characterised by extreme heat 
and cold, and high RH added with recurrent 
floods. The area, faces a wide range of 
temperature (4-38°C) and RH (59-96%) 
variations. During winter and summer, 
the temperature usual~y ranges between 6-
l50C and 28-38°C, and the corresponding 
mycobial growth, the RH or WCS is hardly 
supportive. Only the substrates with high 
WCS that gain moisture from other sources 
reflect mycobial spoilage during summer. 
Similarly, during winter, the n10isture 
gained over by the substrate in preceeding 
monsoon rains are sustained within the 
substrates since the low range of 
atmospheric temperature prevents 
evaporation. 
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Fungal spores infesting any substrate 
virtually require a favourable temperature 
range with high RH and a substantial 
WCS. The spores of the fungi retain their 
viability for longer periods, even several 
years under favourable conditions and 
undergo germination on finding congenial 
climatic factors. Table 6 indicates that the 
present substrates in prevalent storage 
conditions contains WCS variable between 
5 and 12%, the highest in the cases ofMOC 
and GPM followed by wheat bran (11 %). 
An earlier report (Austwick and Ayerst, 
1963) suggests that 5.6% WCS in fresh 
oilcakes usually do not support mold 
invasion and their subsequent growth. 
Comparison of the two records clearly 
suggests the role of increased RH in 
elevating WCS. It may also be inferred 
(Table 6) that in prevalent climatic 
conditions, average WCS of 8.17% 
corresponds to 59-7 4% RH. With increase 
in RH during winter and monsoon, there is 
an apparent average gain of3.6 and 5.3%, 
respectively, over the WCS values recorded 
during summer. Thus, WCS becomes a 
significant factor that cannot prevent 
contamination (mycobial infestations are 
usually air/vector borne), but can impose 
check on further propagation of 
contaminating spores. As a matter of fact, 
it is the climatic conditions that makes the 
tropical and subtropical countries a 
congenial ground for mycobial spoilage 
(WHO, 1979). 
Table 6 further indicates that the 
present substrates exhibit variable capacity 
to gain water in different seasons. This 
practically depends on the physical state, 
viz., affinity towards water molecule, degree 
of saturation, drying character, etc. ofthe 
substrate. It has been observed that the 
dried substrates gain more humidity than 
others. Guilbot (1960) pointed out that at a 
given temperature, for each concentration 
of water in the substrate, there is a 
corresponding RH representing the ease 
Table 6 : Range of relative humidity, water content of the substrate and 
temperature favouring sporulation/growth of some toxic fungi 
Species RH(%) Water Maximum and minimum 
content(%) temperature (0°C) 
A. flavus 80 15-16 10-45 
A. parasitic us 82 14-15 10-45 
A. niger 85 16-17 10-40 
A. versicolor 81 10-42 
A. rubur 70 12-13 10-45 
A. ochraceous 80-82 16 14-40 
A. nidulanse 84 15-16 10-42 
A.candidus 75 15- 15.2 10-55 
Penicillium spp. 82-86 15-16 0-35 
Rhizopus spp. 90-92 17-18 0-35 
Mucorspp. 88-89 17-18 30-60 
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with which the substrate loses water to the 
atmosphere. At low RH, water is bound to 
the substrates by a significant bonding 
energy, but as the RH increases, the 
availability of water also increases, leading 
to feeble bonding. It is this degree of mobility 
of water, which makes it possible for the 
molds to grow on solid substrates. 
An earlier report (Moreu, 1974) 
suggests that many of the toxic molds 
including the ones included in the present 
study grow conveniently between 0 and 
45°C on the substrates having 15-18% WCS 
or corresponding range of RH (75-96%). 
During summer, WCS of the substrates 
varied between 5 and 12% depending upon 
their physical state, and these substrates 
in normal storage condition exhibit a gain 
of 3.6% during summer and 5.3% during 
monsoon. The phenomenon obviously 
provides ample opportunity for the infesting 
molds to grow over the substrate. 
The pace ofmycobial spoilage is further 
compoundedj)y the prevalent practices like 
storag€ in direct contact of soil, use of 
packaging materials prone to wetting and 
delayed drying, localisation of storehouses 
in damp areas, poor ventilation, careless 
marketing, etc. These practices are 
detrimental and further accelerate the pace 
of mold spoilage. The climatic factors like 
temperature ·and RH are beyond 
manipulation, and fungal infestation of the 
substrates due to air-bound movement of 
spores cannot be-completely checked. The 
agricultural commodities from sowing to 
final storage are always at risk of getting 
contaminated. But, the WCS before short 
or prolonged storage can easily be brought 
down to a "low-risk-range" by adopting 
simple and thorough sun-drying. The 
substrates handled with care during pre 
and post harvest conditions and stored at 
5-7% WCS face minimum risk ofmycobial 
infestation. 
Record of the fungal strains isolated 
from the present substrates during different 
seasons and their order of preference for 
the substrates under investigation are 
shown in Table 7. A. flavus (Fig. 5) appeared 
as the most dominant mycoflora in general 
followed by A. niger (Fig. 6) almost 
throughout the year. BothAspergillus spp. 
and Penicillium spp. have been recognised 
as storage fungi (Christensen and Kaufu1an, 
1965). However, there is now overwhelming 
evidence for pre-harvest invasion of the 
crops by these strains mainly carried out 
by the insects (Lillehoj et al., 1976). The 
growth of A. flavus, A. parasiticus (Fig. 7) 
and A. niger is favoured by humidity in 
excess of85% RH (Davis and Diener, 1970) 
corresponding to WCS of 12-15%. It has 
been suggested that 32°C temperature is 
optimum for the growth of A. flavus and 
35°C for A. niger. The latter grows 
conveniently even at a comparatively low 
RH of77% (Ayrest, 1969). Jackson (1965) 
suggested that A. flavus is capable of 
growing over the temperature range of 6-
54 °C and optimum growth occurs between 
30 and 35°C. Contaminations due to A. 
flavus and A. parasiticus are usually 
indistinguishable. These species are 
frequently discussed together on account of 
their taxonomic and physiological 
similarities, viz., cornmon colour of the 
colony, physiological requirements, climatic 
conditions and most significantly, 
production of similar secondary toxic 
metabolites, the aflatoxins. The only 
micromorphological featue that allows one 
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to separate the two species is the uniseriate 
phialides (Fig. 7) in case of A. parasiticus 
which is biseriate inA. flavus (Fig. 5). 
According to Raper and Fennel (1965), 
the group A. ochraceous (Fig. 8) comprises 
about nine species, but only a few of them 
are common invaders. The species is 
somewhat xerophytic (Christensen, 1962) 
growing at about 80-82% RH and has 
commonly been reported from heating 
grains. Natural occurrence of A. 
ochraceous in food and feeds of plant origin 
has been widely reported (Stoev, 1999) and 
ochrataxin A, the secondary toxic metabolite 
of A. ochraceous, has been identified to 
cause mycotoxic porcine nephropathy in 
pets (Stoevet al., 2001) and man (Wafa, et 
al., 1998; Stoev et al., 1998). 
In laboratory cultures, Sansing et al., 
(1973) obtained good ochratoxin at 25°C. In 
general, 80-82% RH with 6% WCS favours 
sporulation and growth of the fungi between 
10 and 40°C. Schindler and Nesheim (1970) 
obtained good yield of the toxin with 
shredded wheat after 19 to 21 days at 21 to 
23°C. Almost all species of this group 
produce two important mycotoxins, 
ochratoxin and/or penicillic acid (Wyllie 
and Morehouse, 1977). 
The group A. versicolor includes 17 
species (Raper and Fennell, 1965), but only 
A. versicolor and A. sydowi are known to 
be mycotoxigenic elaborating 
sterigmatocystin. Earlier reports on the 
occurrence ofthis species suggest the strain 
to be uncommon on cereals and grains, but 
invade wheat paste products and stredded 
grains (Wyllie and Morehouse, 1977). Its 
present incidence on wheat and rice flour 
deserves consideration. The species usually 
invades the substrates rich in free nitrogen 
with the onset of deterioration (Lellehoj 
and Ciegler, 1968). During the present 
investigation, no fresh sample even under 
optimal climatic condition was found to be 
contaminated with A. versicolor, but the 
same substrates when left for 20-22 days 
with elevated WCS got contaminated with 
the strain. 
A. ruber belongtoA. glacus group that 
comprises most commonly occurring fungi 
on stored products because of their ability 
to grow at low RH of 75-85%. Kulik and 
Holadey (1966) have suggested that some 
strains of A. ruber may produce aflatoxins. 
Some of the other members of 
Aspergillus group invading the present 
substrates included A. candidus, A. 
nidulanse andA. terreus. A. candidus has 
bee en reported from a variety of substrates 
during storage and is a predominant fungus 
of refrigerated dough products (Graves and 
Hesseltine, 1966). A. nidulans, like A. 
versicolor, is known to produce 
sterigmatocystin and significant amount 
of penicillic acid (Ditchburn et al., 197 4). 
Lafont and Lafont (1969) have frequently 
isolated the strain from corn, wheat and 
barley kernels, and is found to be very 
common on animal feed in France. A. 
nidulans has usually been reported from 
heating corn often accompanied by A. flavus 
or P. viradicatum. 
Among the Penicillium group, P. 
viradicatum (producing ochratoxins) and 
p. islandicum (producing luteoskyrin), like 
A. flavus, appear as common invaders on 
the present substrates. Both these strains 
require high RHjustifying their abudance 
during monsoon (Table 7). Similarly, 
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Plate 1 
Fig. 5: Conidial head of A. flavus 
showing biseriate phialides x 400 
7 : Conidial head of A. parasiticus 
showing uniseriate phialides x 400 
Fig. 6 : Conidial head of A. n~ger x 400 
Fig. 8 : Conidial head of A. ochraceous x 
400 
Table 7: Seasonal incidence and substrate preference of the fungal strains isolated from agricultural products and 
their byproducts 
Seasonal incidence Positive samples(%) >-3 
0 
Fungi Substrate preference shown in ~ ...... 
w s M order of abundance w s M Av Toxins produced ga z 
A.flavus +++ + +++ MOC, GPM, WF, RF, WB, RB, SF 51.0 40.6 63.0 51.5 Aflatoxins ...... 0 
A. ochraceous ++ ++ + WF, WB, RF, GPM, MOC 38.0 27.5 19.0 28.1 Ochratoxins ~ 0 
t-' 
A. niger ++ ++ ++ GPM, MOC, RF, WF, WB, RB 52.2 42.0 58.4 50.8 Oxalic acid t:J w 
A. paraciticus + + ++ GPM, MOC, WF, SF, 42.0 12.4 23.5 25.9 Aflatoxins 0 z 
A. rubur? + + + MOC, RB, WB, GPM 8.5 7.0 12.6 6.9 Aflatoxins 'l:j 
...... 
A. fumigatus + - - MOC,RF,GPM 6.8 w - - 2.2 Gliotoxin ~ 
A. versicolor WF,RF,GPM 16.0 20.5 12.1 Sterigmatocystin 'l:j + ++ - - t_J:j 
t_J:j 
A. candidus + + - RF,GPM - 5.4 - 0.8 Candidulin t:J w 
A. nidulanse GPM, MOC, WF, SF 12.0 12.4 8.1 Nidulin ...... + + - -
Penicillium spp. ...... ~ 
'"0 
P. cittinum + - ++ MOC, GPM, RB, WB, RF 32.5 - 52.0 28.1 Citrinim > 0 
P. viradicatum + + ++ RB, GPM, WB, MOC, RF, WF 20.6 - 32.5 17.7 Ochratoxins 
>-3 
0 
P. islandicum MOC,RB,GPM 6.6 10.0 26.0 14.2 Luteoskynin 
'l:j 
+ + ++ 0 
P. cyclopium MOC,GPM,WF 7.0 11.0 16.0 11.3 Penicillic acid t-' + + ++ ...... ~ 
> 
>-3 
...... 
Rhizopus sp. MOC, GPM, RB, WB, WF, RF 42.0 14.0 0 - - +++ - -
'l:j 
Curvularia sp. + + MOC, RB, WB, GPM 8.0 11.5 6.5 > - - 0 
>-3 
Mucor sp. - - ++ MOC, RB, WB, GPM, RF, WF 24.0 11.5 - 6.5 0 ~ 
Alternaria sp. RB, WB, GPM, MOC 9.0 3.0 w - + - - -
+ GPM,WB - - 6.0 2.0 
? = not confirmed 00 
(.0 
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Rhizopus spp. and Curvularia spp. also 
require high RH (90-92%) with WCS as 
high as 17-18%. Incidence of these fungi on 
substrates during summer or winter 
indicates either a high WCS or gain of 
moisture from any extra sources. 
Penicillium spp. are seemingly always 
involved when food/feed, raw materials or 
finished products in field or storage are 
undergoing deterioration. The present 
strain of P. viradicatum is now known to 
be an ochratoxin A producer along with 
some other species of the group, viz., P. 
palitans, P. commune, P. variable and P. 
cyclopium (Stoev, 1999). 
Present study, thus, indicates the 
gravity of the problem ofmycobial spoilage 
of agricultural products and their 
byproducts incorporated as anima1Jfish 
feeds. Since most of the toxic strains invade 
the substrates during storage, in particular 
when the commodities have not been 
properly processed or stored, an assessment 
of the prevalent practices of storage and 
creating general awareness on the people 
concerned are essential. 
ACKNOWLEDGEMENTS 
The authors are thankful to the Indian 
Council of Agricultural Research, New 
Delhi, for financial support. 
REFERENCES 
Austwick, P.K.C. and Ayerst, G., 1963. 
Toxic products in groundnut. 
Groundnut micro-flora and toxicity. 
Chemi. Indust., 2: 55-61. 
Ayerst, G., 1969. The effects ofmoisture 
and temperature on growth and spore 
germination in some fungi. J. Stored 
Prod. Res., 5: 127-141. 
Christensen, C. M., 1962. 'Invasion' of 
stored wheat by Aspergillus ochraceus. 
Cereal Chem., 39: 100-106. 
Christensen, C.M. and Kaufmann, 
H.H., 1965. Deterioration of stored 
grains by fungi. Ann. Rev. Phytopath., 
3:69-84. 
Davis, N. D. and Diener, U.L., 1970. 
Environmental factors affecting and 
production of aflatoxin. In: M. Heriberg, 
(Eds.), Proceedings of the first US -
Japan Conference on Toxic 
Microorganisms. Washington, pp. 43-
47. 
Dickens, J.W. and Whitaker, T.B., 1982. 
Sampling and sample preparation. In: 
H. Egan, L. Stoloff, P. Scott, M. 
Castegnaro, J.K. O'Neill, and H. 
Borsteh, (Ed.), Environmental 
Carcinogens. Selected Methods of 
Analysis, Vol. 5. Semi Mycotoxics. 
International Agency for Research on 
Cancer, Lyon/pp. 17-32. 
Ditchburn, P. Giddings. B., and Mac 
Donald, K.D., 19_7 4. Rapid screening 
for the isolation of mutants of 
Aspergillus nidulans with increased 
penicillin yields. J. Appl. Bacterial., 
37: 515-523. 
Graves, R.R. and Hesseltine, C.M., 
1966. Fungi in flour and refrigerated 
dough products. Mycopathol. Mycol. 
Appli. 29:277-290. 
Guilbot, A., 1960. Hygrometric et teneur 
TOXIGENIC MOLDS ON FISH FEEDS I : IMPACT OF CLIMATIC FACTORS 91 
en cau, Conference Centre de Formation 
Technique et de Perfectionnement de 
L.Union inter Syndicate, des Industries 
Francaises de Bisuiterie, Bisotterile. 
Paris. 
Jackson, C.R., 1965. Peanutpodmycoflora 
and kernel infection. Plant Soil, 23: 
203-212. 
Kulik, M.M. and Haladay, C.E., 1966. 
Aflatoxin: A metabolic product of 
several fungi. Mycopathol. Mycol. App., 
30: 137-140. 
Lafont, P. and Lafont, J., 1969. Pollution 
pardes Aspergillus de products 
vegetaux.Ann. Inst. Paster., 116:237-
245. 
Lillehoj, E.B. and Ciegler, A., 1968. 
Bilogical activity of sterigmotocystin 
on country cured ham. Appl. 
Microbial., 26: 636-637. 
Lillehoj, E.B., Kwolek, W.F., Peterson, 
R.E., Shotwell and Hesseltine, C.W. 
1976; Aflatoxin contamination 
fluorescence and insect damage in corn 
infected with Aspergillus flavus before 
harvest. Cereal Chem, 53:505-512. 
Moreau, C., 1974. Aflatoxin. In: Moulds, 
Toxins and Food. John Wiley & Sons, 
NewYork,pp. 63-143. 
Raper, K.B. and Fennell. D.I., 1965. 
The genus Aspergillus. The William 
and Wilkins Co., Baltimore, 686 pp. 
Sansing, G.A., Davis, N.D. and Diener, 
U.L., 1973. Effect of time and 
temperature on ochratoxin A production 
by Aspergilus ochraceous. Can. J. 
Microbial., 19: 1259-1263. 
Schindler, A. F. and Nesheim, S., 1970. 
Effect of moisture and incubation time 
on ochratoxin A production by an isolate 
of Aspergillus ochraceous. J. Assoc. 
Anal. Chem., 53: 89-91. 
Stoev, S.D., 1998. The role of ochratoxin 
A as a possible cause ofBalkon endemic 
nephropathy and its risk evaluation. 
Vet. Human Toxicol. 40:352-360. 
Stoev, S.D., 1999. Historical data, 
spreading, aetiology and epidemiology 
of mycotoxic nephropathy 
(ochratoxicosis) in pigs. Bulg. J. Agric. 
Sci., 5: 515-524. 
Stoev, S.D., Angelov, G. and Pavlov, 
D., 1998. Some paraclinical 
investigations in experimental 
intoxication with ochratoxin and 
·penicillic acid in chicks. Bulg. J. Agric., 
4:565-573. 
Stoev, S.D., Vitanov, S., Anguelov, G., 
Petkova-Bocharova, T. and Creppy, 
E.E., 2001. Experimental mycotoxic 
nephropathy in pigs provoked by a diet 
containing ochratoxin A and penicillic 
acid. Vet. Res. Commun. 25 (93): 205-
223. 
Verma, S. K., 1989. Effect of Aflatoxin 
Contaminated Feed on the 
Histopathology of Different Organs of 
Local Fish (Teleost). Ph. D. Thesis, 
L.N. Mithila University, Darbhanga. 
Verma, S.K., 2001. Mycotoxins and 
freshwater aquaculture in the 21st 
century. In: Proceeding of the 
International Symposium on Fish for 
Nutrional Security in the 21st Century. 
92 MEENAXI DAS, SHAMBHU PRASAD AND SHISHIR K. VERMA 
Central Institute of Fisheries 
Education, Mumbai, p. 199. 
Wafa, E.W., Yahya, R.S., Masobh, E., 
Bazhamel, M.F .L., Ambetbeder, 
A.M. and Creppy, E.E., 1998. Human 
ochratxicosis and nephropathy in 
Egypt: A preleminary study. Human 
Exper. Toxicol., 17: 124-129. 
Wyllie, T.D. andMorehouse,L.G., 1977. 
Mycotoxic Fungi, Mycotoxins, 
Mycotoxicosis. Vol. I Mycotoxic Fungi 
and Chemisty ofMicotocxins, pp. 1-66 
Marcel Dekker, Inc., New York pp. 1-
66. 
WHO, 1979. Environmental Health 
Criteria II: Mycotoxins. World Health 
Organization, Geneva. 
